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CO2CRC the leader in
Australian CCS research

1. We are the first company in Australia to have
undertaken carbon capture and storage end to
end, safely injecting, monitoring and containing
80,000 tonnes of CO, for more than a decade

2. We conceptualise, design, manage, and fund
bench & in-field CCS projects with the best local
and international researchers

3. We test novel technologies to determine their
efficiency, accuracy, and confidence. Our work
brings confidence to regulators, industry and the
community.

4. Our Otway Research Facility has seen $100m in

investment in 10 years, making it the best in-
field CCS research centre in the world.
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Australian CCS Projects

WHO IS CO2CRC

CO2CRC SUPPORTS INDUSTRY
TO REDUCE GREENHOUSE

GAS EMISSIONS THROUGH
CARBON CAPTURE & STORAGE
RESEARCH

Q We are the first company in Australia
to have undertaken carbon capture
and storage end to end

QO Our research demonstrates carbon
capture and storage in-field using
novel technologies. We test their
efficiency, accuracy and cost-
effectiveness bringing confidence to
industry and regulators

Q We have safely injected, monitored
and contained 80,000 tonnes of
carbon dioxide for more than a decade

Q We design, project
carbon capture and :
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What has Australian done in Capture?
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Capture

Unique capture projects aligned to Australian

onshore and offshore natural gas projects

CO2CRC Otway
Research Facility

=  Demonstrate
CO, capture
from high-
concentration
natural gas fields
offshore.
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CCS Flagships: CarbonNet and SW Hub

CarbonNet Project, VIC

= Proximal to major emissions, brown coal
= Hub concept, offshore storage

= Gippsland Basin, Latrobe sequence

= 1 to 5 million tonnes of CO2 per year

= |dentified a single site

= Feasibility stage, exploration permit

SW Hub, WA

= Hub concept, onshore storage

= Southern Perth Basin, Lesueur Sandstone
= Aim 3.3 million tonnes of CO, per annum
= Pre-feasibility
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The Gorgon Project:

Chevron and JV Partners
* Barrow Island, Dupuy Formation
* Natural gas processing (LNG)

* Nine injection wells: 3.4 and 4.0 MT of reservoir
carbon dioxide each year

* Routine monitoring through well and/or seismic
surveys

e Start-up of the second LNG train in late 2017




CO2CRC strategic direction

CO2CRC STRATEGIC
DIRECTION

CO2CRC OTWAY STAGE 1
» CO, storage in a depleted gas field

» Subsurface sampling formation

CO2CRC OTWAY STAGE 2

» Residual trapping in saline

» Validate surface monitoring

STORAGE

CO2CRC OTWAY STAGE 3

» Validation of sub-surface fixed
array monitoring

» $S41m investment

» Leveraging $100m in
carbon capture and
storage investment
to develop clean sub-
surface energy options
by understanding the

» Engineering the sub-
surface reactants;
energy resource;
biominerals;
geothermal; ground
water; hydraulics
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sub-surface; heat flow,
seismicity; fluid flow

» A new technology
for separating
methane from high
concentrations of CO,

» A scalable plant for
on-shore and off-shore
applications
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Monitoring techniques

Downhole monitoring includes:

* DTS cable (Distributed Temperature Sensing fibre optics)

* 2x P/T (pressure/Temperature) gauges at the top and bottom
of each perforation (therefore 8 gauges each);

* utubes (currently unused) for fluid sampling;

* Periodically running
* VSP (vertical seismic profiling)
* Pulsed Neutron logging for gas saturation

Assurance monitoring includes:

* Ground water of Port Campbell and Dilywn Formations

* Soil Gas monitoring

U-tube TinT line 2/8"

Gas Injection line 3/8”

P/T Gauge line 0.25°

(&—— DTPSCable with Fibre Optics 0.25

X-nipple @ 72801 m

Circa 827.79m

Circa855.29 m

Tubing 2 3/8" 12 Cr85 Fox 4.6 ppf, ID 1.995”

| €— JFE Bear Casing 5.5" 12 CR80 17 ppf. ID 4.892"

Gas Injedtion Mandrel
Gas Lift Mandrel {annulus )

X-nipple @ 1088.52 m

X-nipple @ 1242.47 m

Xenipple @ 1417.21 m

Utube filter (1437.64 m)

Existing perforations 1440 m — 1447 m ayz

On-Off toal
{1427.22 and 1452.47 m)

Paoierat 142078 m
P/T gsuge (1440.82 m snd 1442.51 m)

J eTosuge (1447 29 m snd 125058 m)

> Sliding Side Door {SSD)

| {1435.12 mand 1480.28 m)

Utibe fiter (1452.88 m)
Newperfratons 1201 M =
B1zm el

Tubing bottom  1514.82 m—
Total Depth(TD) 1520 m

Paccer at 1486.02 m

BT gsugs (149583 m and 1487.77 m)

P/T gauge {(1509.19 m and 1511.07 m)




Otway Project Principals

* Ensure human health and safety
is protected at all times

¢ Safeguard ecosystems
throughout project

* Ensure no impact to
underground sources of drinking
water and other resources

* Engage openly with community

¢  Comply with regulations

* Meet project objectives

ES.
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CO2CRC Otway Project Objectives

*Stage 1: 2004—-2009

v Demonstrate safe transport,
injection and storage of CO,
into a depleted gas reservoir

°Stage 2:2009-2019

v Demonstrate safe injection
and monitoring into a saline
formation

°Stage 3:2016—2028

v Demonstrate safe, reliable
and cost-effective subsurface
monitoring of CO,

ES.
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The CO2CRC Otway Project Stage 2

Stage 2: 2007 - 2020

Demonstrate that CO, storage can be
safely conducted at scale within a Saline

Formation
v" 2A:Drill CRC-2

v' 2B: Measure parameters affecting
residual and dissolution trapping in a

saline formation

Appraisal

v' 2B Extension: interactions with

impurities & well test refinement

*  2C: Spatially trackinjected CO, in a

saline formation

. Minimum detection limit

. Migration behaviour

Operation

. Stabilisation

c20c

Stage 2C Monitoring program

4D seismic with buried receiver array
acquired concurrently with 4D VSP

¢ Baseline: March 2015
* Monitor surveys: 5 kt, 10kt, 15 kt of
injection (2016), 1&2 years post
injection (January 2017 & 2018)
Offset VSPs

Trialing 4D seismic with buried DAS array,
and continuous seismic sources (LBNL)

Passive seismic using buried receiver
array

Continuous in- & above-zone pressure
monitoring

Saturation logging

Eo




Geophone and fiber array installation:
Trenches 80 cm deep, PVC cased boreholes 4 m deep

Seismic Array

Installation of 1km seismic
array.

Fibre optic line

80 c¢m trench

900 monitoring devices — —seismicline ca

geophones

Over 30km of fibre optic
cable

Receivers buried 4 metres
underground

Lines 100 metres apart,
receivers 15 metres apart

Installed in early 2015

20
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Seismic Array

* 1 km seismic array

* Over 30 km of fibre optic
cable.

* Fibre component of project
led by LBNL

Ew

Seismic Array

Over 900 geophones

Permanently installed 4 metres
below ground

This part of project led by
Curtin University

E
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Fibre opticcable

Geophones

Deployedin

Trench

Otway Stage 2C
preliminary results

1. 15,000 tonnes of CO,, safely injected into the
saline formation, is migrating as predicted.

2. Seismic & pressure monitoring resolution is
beyond expectation

3. Minimum detection levels of CO, have been
identified

4. The combination of these results, with ongoing
regular monitoring through to 2019, will de-risk
the injection, monitoring and trapping of CO, in
a saline formation giving confidence to
technology users and regulators.

c2ac
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DE-RISKING THE STORAGE

OF CO2 IN

SALINE

FORMATIONS

Saline formations have the greatest potential
for CO, storage globally. Their utilisation will
be necessary to ensure we remain within the

COP21 2C target.

THROUGH THE MONITORING AND

o
S
o)
—
N

TONNES OF CO2

VERIFICATION OF 15,000 TONNES OF
INJECTED C02 WE WILL VALIDATE

SALINE ROCK FORMATIONS FOR CARBON

CAPTURE AND STORAGE BY:

A

B

C




Otway Stage 2 — pre 4D
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Energy(M1—B)

Energy(M2 — B)
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Energy(M3 —B)

15



REDUCING THE COST OF

Otway Stage 3 C0O2 STORAGE
2016-2020 objectives COoGHG e n sotolrat e PO

capture and storage projects by
undertaking the validation of cost-

. effective subsurface monitorin
1. Todeliver a permanently deployed technologies :

subsurface and cost-effective real-time

monitoring solution for industry 201 6—2020

2. Toincrease the efficiency of CO, monitoring
with new and adapted technologies

3. Toreduce the surface footprint and impact EELZL%ZV‘\)"‘:]VE g’ébLEg%bFE';THE
of monitoring activities :

DELIVERY OF INCREASE REDUCE THE
PERMANENTLY C02 STORAGE SURFACE
MONITORING FOOTPRINT
AND IMPACT OF
MONITORING

@ : ACTIVITIES

Otway Stage 3 Concept
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Storage Research & Development Program

Geological Integrity

Methodologies and tools for uncertainty reduction in storage including
improved methods for characterising fluid migration conduits

* FaultsealIntegrity Characterisation
* Top Seal Integrity Characterisation
* Geological Uncertainty
Engineering Storage

Improved design guidelines for:

* pressure monitoring & management,
* optimising well design;

e up-scaling of simulations

B

Storage Research & Development Program cont.

Fit For Purpose M &V

Development of M&V techniques with reduced cost and risk to operators, while
targeted to specific regulatory or societal requirements.

e Validation of subsurface M&V as alternative to surface M&V
* Improved geophysical M&V

* Passive seismic

* Near surface CO, Migration Prediction & Validation

*  Marine M&V

Geochemical Engineering
Development of geochemical engineering solutions to assist in:
* Enhancing containment

* Enhanced injectivity.

B
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Otway Stage 3 Schedule

Define Execute Operate
Ppull, Ppland, PpSep1,
2017 2018 2018

2016

CRC3

.

CRC-4

v CRC-S
febS -Mar 12 .
Operational Execution at site CRC.6
Mar 12 - Apr 16 .

CRC-7

e Apr 16- May 21 .

Surface Facilities
May 21 . Aug 31

2019

Our Storage Program: Simplified

ATMOSPHERIC MONITORING
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GEOCHEMICAL SAMPLING
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By Research and Demonstration

INTEGRITY MONITORING
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Highlights of the Storage Projects

¢ Atmospheric (continuous monitoring)
* Soil Gas

* Seismic

* Reservoir fluids

« Validation of models in actual field tests
¢ Fully permitted and operational site

* Availability of CO,

* Globally unique advantage

Field Validation

Developing Novel

. * Single Well Test for reservoir characterisation
& Innovative

» Several generations of U-Tube systems deployed
* Innovative well instrumentation

Concepts &
Technology

* First CO, storage demonstration project in Australia

* Reducing risk and uncertainty

* Advising regulators and project proponents in Australia and world
* A go-to project

First of its kind

experiments

Government, Industry and Research Partners
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London

Petroleum Technology
Research Centre
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